Design and Analysis of Algorithm 


Design and Analysis of Algorithm refers to the process of creating and evaluating 
algorithms to solve computational problems. It involves defining the problem, 
determining the inputs, defining the outputs, and identifying the algorithms that 
can be used to solve the problem. The algorithm is then analyzed to determine 
its time and space complexity, which are used to evaluate the efficiency of the 
algorithm. The goal is to find the most efficient algorithm that can solve the 
problem within the desired constraints. 


Unit - 1 - Introduction for the notes of the course Design 
and Analysis of Algorithm 


The Unit 1 Introduction of the course Design and Analysis of Algorithm is a 
foundational unit that provides a basic understanding of algorithms and their im- 
portance in computer science. It covers topics such as what algorithms are, why 
they are important, types of algorithms, and how to analyze algorithms. The 
unit also introduces the basic concepts of time and space complexity analysis, 
which are crucial for understanding the efficiency of algorithms. Additionally, 
it provides an overview of the course structure and what students can expect to 
learn in the upcoming units. 


Algorithms for the notes of the unit Introduction for the course De- 
sign and Analysis of Algorithm 


Algorithms are a set of rules to be followed in calculations or other problem- 
solving operations, especially by a computer. They can be expressed in a lan- 
guage or a programming code and are used to perform specific tasks such as 
sorting, searching, or optimization. Algorithms can be evaluated based on their 
time and space complexity, which determines the efficiency of the algorithm and 
its suitability for large-scale problems. In the field of computer science, the de- 
sign and analysis of algorithms is a fundamental area of study, as it involves the 
creation and analysis of efficient algorithms for solving computational problems. 


Analyzing Algorithms for the notes of the unit Introduction for the 
course Design and Analysis of Algorithm Analyzing Algorithms is the 
study of the performance of algorithms, with the goal of understanding their 
behavior and finding ways to improve them. It involves determining the time 
and space complexity of algorithms, which measures the amount of resources 
(such as time and memory) they consume. This information helps to make 
informed decisions about which algorithms are best suited for a particular task 
and to identify opportunities for optimization. Key concepts include asymptotic 
analysis, big-O notation, and the analysis of algorithms in terms of best, average, 
and worst-case scenarios. 


Complexity of Algorithms for the notes of the unit Introduction for 
the course Design and Analysis of Algorithm Complexity of Algorithms 
refers to the measure of the amount of resources (such as time or memory) 
required by an algorithm to solve a problem. It helps to determine the efficiency 
of an algorithm and is crucial in choosing the best algorithm for a given problem. 
The complexity is expressed using big O notation, which provides an upper 
bound on the growth of the resource usage as the size of the problem increases. 
Common complexity classes include O(1), O(log n), O(n), O(n log n), O(n~2), 
and O(2^n). 


Growth of Functions for the notes of the unit Introduction for the 
course Design and Analysis of Algorithm Growth of functions refers to 
the rate at which a function grows or decreases as the input size increases. It 
is a way to measure the efficiency of algorithms, as the growth rate determines 
the upper bound on the time and space complexity of an algorithm. The most 
commonly used functions to describe growth are polynomial, exponential, and 
logarithmic functions. Understanding the growth of functions is important for 
choosing the appropriate algorithm for a given problem and for analyzing the 
performance of algorithms. 


Performance Measurements for the notes of the unit Introduction for 
the course Design and Analysis of Algorithm Performance measurement 
of algorithms refers to evaluating the efficiency, speed, and scalability of algo- 
rithms by comparing their execution time, memory usage, and other factors. 
It helps to determine the best algorithm for a given problem and to identify 
areas for improvement. Common performance metrics include time complexity, 
space complexity, and scalability. Time complexity measure the amount of time 
an algorithm takes to complete its task, while space complexity measures the 
amount of memory an algorithm uses. Scalability refers to how well an algo- 
rithm performs as the size of the input data increases. These measurements 
are essential for evaluating the effectiveness of algorithms and making informed 
decisions about which algorithms to use for a particular problem. 


Sorting and Order Statistics for the notes of the unit Introduction 
for the course Design and Analysis of Algorithm Sorting is a process 
of arranging elements in a specific order, either ascending or descending. Order 
Statistics is a field of study that deals with finding the kth smallest or largest 
element (or percentile) in a set of elements. It can be done in linear time using 
algorithms like QuickSelect. Sorting and Order Statistics play a crucial role 
in the design and analysis of algorithms, as they can be used to optimize the 
performance of other algorithms, such as searching and selection. 


Shell Sort for the notes of the unit Introduction for the course Design 
and Analysis of Algorithm Shell Sort is a comparison-based sorting algo- 
rithm, which is an improvement over Insertion Sort. It works by dividing the 


input list into smaller sub-lists, and sorting these sub-lists using Insertion Sort. 
The sub-lists are created by incrementally reducing the gap between elements 
to be compared, until the gap becomes 1, at which point the algorithm becomes 
the same as Insertion Sort. This reduction of the gap helps to partially sort 
the input list, making it easier for the Insertion Sort to sort the list completely. 
The time complexity of Shell Sort is O(n~2), but it is faster than Insertion Sort 
for larger lists due to the partial sorting. 


Quick Sort for the notes of the unit Introduction for the course De- 
sign and Analysis of Algorithm Quick Sort is a divide-and-conquer sorting 
algorithm that works by selecting a “pivot” element from the array and parti- 
tioning the other elements into two sub-arrays, according to whether they are 
less than or greater than the pivot. The sub-arrays are then sorted recursively. 
This continues until the base case of an empty or single-element sub-array is 
reached, at which point the array is considered sorted. Quick Sort has a best- 
case time complexity of O(n log n) and a worst-case time complexity of O(n~2), 
but its average-case time complexity is O(n log n), making it a popular choice 
for sorting large data sets. 


Merge Sort for the notes of the unit Introduction for the course De- 
sign and Analysis of Algorithm Merge Sort is a divide and conquer algo- 
rithm that sorts an array by dividing it into two halves, sorting each half and 
then merging the two sorted halves. It has a time complexity of O(nlogn) and is 
considered one of the most efficient sorting algorithms. It is a stable sort, mean- 
ing that the relative order of equal elements is preserved. The algorithm works 
by repeatedly dividing the input array in half until each sub-array contains only 
one element, which is considered to be sorted. The sub-arrays are then merged 
back together in a sorted manner. The key to the algorithm is the merge step, 
which takes two sorted arrays and merges them into one sorted array. 


Heap Sort for the notes of the unit Introduction for the course De- 
sign and Analysis of Algorithm Heap sort is a comparison-based sorting 
algorithm that sorts an array by dividing it into a max heap and repeatedly 
removing the largest element and swapping it with the last element in the array. 
The max heap property is maintained by using a binary tree where the parent 
node is always larger than its children. The process continues until the entire 
array is sorted in ascending or descending order. Time complexity of heap sort 
is O(n log n). 


Comparison of Sorting Algorithms for the notes of the unit Intro- 
duction for the course Design and Analysis of Algorithm Sorting al- 
gorithms are methods for arranging a collection of data elements in a specific 
order. The efficiency of sorting algorithms is often compared based on their 
time complexity, which is the amount of time it takes for the algorithm to sort 
a given set of data. 


There are several popular sorting algorithms, including: 


1. Bubble Sort: A simple algorithm that compares adjacent elements and 
swaps them if they are in the wrong order. 


2. Insertion Sort: A simple algorithm that builds a sorted list one item at a 
time by inserting new items in their correct position. 


3. Selection Sort: An algorithm that repeatedly selects the minimum element 
from the unsorted part of the list and swaps it with the first unsorted 
element. 


4. Quick Sort: A divide-and-conquer algorithm that selects a pivot element 
and partitions the data into two sub-lists based on whether the elements 
are less than or greater than the pivot. 


5. Merge Sort: A divide-and-conquer algorithm that splits the list into 
smaller sub-lists and then merges them back together in sorted order. 


The choice of sorting algorithm depends on the specific requirements of the task 
at hand, such as the size of the data set, the type of data, and the desired time 
complexity. 


Sorting in Linear Time for the notes of the unit Introduction for 
the course Design and Analysis of Algorithm Sorting is the process of 
arranging elements in a specific order (e.g. ascending/descending). Linear-time 
sorting algorithms, such as Counting Sort and Radix Sort, sort elements in O(n) 
time complexity, where n is the number of elements. This is faster than other 
sorting algorithms, such as Quick Sort and Merge Sort, which have an average 
time complexity of O(nlogn). However, linear-time sorting algorithms have 
limitations, such as being only applicable to specific data types (e.g. integers) 
and having limited sorting capabilities (e.g. only sorting by a specific digit). 


Unit - 2 - Advanced Data Structures for the notes of the 
course Design and Analysis of Algorithm 


Advanced Data Structures: 


1. Binary Heap: a complete binary tree that satisfies the heap property, 
either min or max. 

2. Trie: a tree-like data structure used to store a collection of strings. 

3. Segment Tree: a data structure used for range queries and updates on 
arrays. 

4. AVL Tree: a self-balancing binary search tree with height balanced prop- 
erty. 

5. Red-Black Tree: a self-balancing binary search tree with height balanced 
property and color property. 

6. Hash Table: a data structure that implements an associative array, a 
structure that can map keys to values. 


7. Bloom Filter: a probabilistic data structure used to test whether an ele- 
ment is a member of a set. 


These structures are used to efficiently store and retrieve data in various appli- 
cations. They are designed to balance between time and space complexity, and 
have different trade-off and use cases. 


Red-Black Trees for the notes of the unit Advanced Data Structures 
for the course Design and Analysis of Algorithm 


Red-Black Trees are a type of self-balancing binary search tree, where each node 
is assigned a color (red or black). The color of the nodes is used to maintain 
balance in the tree, ensuring that the tree is roughly balanced. The following 
properties are maintained in a Red-Black Tree: 


Every node is either red or black. 

The root is black. 

Every leaf (null) is black. 

If a node is red, then both its children are black. 

For each node, all simple paths from the node to descendant leaves contain 
the same number of black nodes. 
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These properties ensure that the height of the tree is logarithmic in the number 
of nodes, leading to efficient search, insertion, and deletion operations. 


In summary, Red-Black Trees are a type of balanced binary search tree that use 
color to maintain balance, leading to logarithmic height and efficient operations. 


B — Trees for the notes of the unit Advanced Data Structures for the 
course Design and Analysis of Algorithm 


B-Trees are a type of tree data structure that are optimized for searching large 
data sets stored on disk drives. They are used in databases, file systems, and 
other applications where fast access to data is critical. 


A B-Tree is a self-balancing tree structure that stores data in nodes. Each 
node can have multiple keys and pointers to child nodes. The keys are used 
to determine the position of the data in the tree and the pointers are used to 
traverse the tree. The root node is the topmost node in the tree and the leaf 
nodes are the bottommost nodes that contain the actual data. 


B-Trees have several important properties: 


1. All leaf nodes are at the same depth 

2. The number of keys in each node is limited to a specific range (min and 
max number of keys) 

Each node, except the root node, must have at least L/2 keys 

4. Each node can have up to L-1 keys and L children. 
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These properties ensure that the B-Tree remains balanced, even as new data is 
added or deleted from the tree. This allows B-Trees to efficiently search large 
data sets and maintain good performance even as the data set grows. 


Binomial Heaps for the notes of the unit Advanced Data Structures 
for the course Design and Analysis of Algorithm 


Binomial Heaps are a type of data structure that can be used to implement a 
priority queue. They are made up of a collection of binomial trees, where each 
tree has a specific rank. The root of each tree has the highest priority. When 
inserting an element, a new binomial tree is created with the new element as 
the root. When merging two binomial heaps, the trees are combined based on 
their rank, with the root of the tree with the higher priority becoming the new 
root. The time complexity for inserting an element is O(log n) and the time 
complexity for merging two heaps is O(log n). Binomial heaps are efficient and 
flexible, making them a popular choice for implementing priority queues. 


Fibonacci Heaps for the notes of the unit Advanced Data Structures 
for the course Design and Analysis of Algorithm 


Fibonacci Heaps are a type of heap data structure that provide efficient im- 
plementation of priority queue operations. They are characterized by the use 
of Fibonacci numbers and a lazy merging technique, which allows for faster 
merging of trees. Fibonacci Heaps have amortized time complexity of O(1) for 
insert, O(log n) for extract-min and O(log n) for decrease-key operations. Ad- 
ditionally, they support the operation of union or merging two heaps into one 
in O(1) amortized time. These features make Fibonacci Heaps a popular choice 
for graph algorithms such as Dijkstra’s shortest path algorithm. 


Tries for the notes of the unit Advanced Data Structures for the 
course Design and Analysis of Algorithm 


Tries: 


e Tries are an advanced data structure used for efficient retrieval of strings 
from a collection of strings. 

e Itis a tree-like structure where each node represents a character in a string. 

e The path from the root to a leaf node represents a complete string stored 
in the Tries. 

e The value of a node is determined by the character stored at that node 
and the position of the node in the tree. 

e Tries are used for operations such as searching for a string, finding the 
longest prefix of a string, and inserting a new string into the Tries. 

e Time complexity of operations in Tries is O(L), where L is the length of 
the string. 


Skip List for the notes of the unit Advanced Data Structures for the 
course Design and Analysis of Algorithm 


A Skip List is a data structure that allows for efficient search and insertion 
in a sorted list. It’s a probabilistic data structure that uses a linked list and 
multiple levels of “pointers” to skip over elements, hence the name “Skip List”. 
Each element has a set of “forward” pointers to elements with a higher level, 
allowing for faster traversal to the desired element. The height of the list is 
determined by a random number generator, with taller lists having a higher 
probability of being used for faster search times. The time complexity for search 
and insertion is O(log n) on average, making it a good alternative to traditional 
data structures such as binary search trees. 


Unit - 3 - Divide and Conquer for the notes of the course 
Design and Analysis of Algorithm 


Divide and Conquer is a technique for solving problems by breaking them down 
into smaller subproblems. The subproblems are solved independently, and their 
solutions are combined to solve the original problem. This technique is used 
in many algorithms, including sorting algorithms (such as Merge Sort) and 
algorithms for finding the closest pair of points. The key idea is to reduce the 
problem size and solve smaller subproblems, which can be combined to solve 
the original problem. 


Sorting for the notes of the unit Divide and Conquer for the course 
Design and Analysis of Algorithm 


Sorting is the process of arranging elements of a collection in a specific order, 
such as ascending or descending. Divide and conquer is a technique used to 
solve complex problems by breaking them down into smaller subproblems that 
are easier to solve. In the context of sorting, divide and conquer is used to 
design efficient sorting algorithms, such as Merge Sort and Quick Sort. These 
algorithms work by dividing the unsorted collection into smaller subcollections, 
sorting each subcollection, and then merging the subcollections back together 
to form the final sorted collection. This approach allows for efficient sorting of 
large collections by reducing the amount of work required for each step of the 
sorting process. 


Matrix Multiplication for the notes of the unit Divide and Conquer 
for the course Design and Analysis of Algorithm 


Matrix multiplication is a binary operation that takes a pair of matrices, and 
produces another matrix. It is defined as follows: Given two matrices A and 
B, the product of A and B is a matrix C, where each element c_ij is obtained 
by taking the dot product of the ith row of A and the jth column of B. The 
dot product of two vectors is the sum of their component-wise products. The 
number of columns in the first matrix must equal the number of rows in the 


second matrix. The resulting matrix C will have the same number of rows as 
the first matrix and the same number of columns as the second matrix. Matrix 
multiplication is associative and distributive, but not commutative. Matrix 
multiplication is used in many algorithms, including in the solution of systems 
of linear equations and in image processing. 


Convex Hull for the notes of the unit Divide and Conquer for the 
course Design and Analysis of Algorithm 


Convex Hull is a geometry concept that defines the smallest convex polygon that 
contains all the points of a set of points in a 2D plane. It is used in computer 
science and algorithms to find the boundary of a set of points. The divide and 
conquer algorithm is a common method used to find the convex hull efficiently. 
It works by dividing the set of points into smaller subsets and then combining 
the convex hulls of the subsets to form the final convex hull. 


Searching for the notes of the unit Divide and Conquer for the course 
Design and Analysis of Algorithm 


Divide and Conquer is an algorithmic paradigm that solves problems by break- 
ing them into subproblems and solving each subproblem independently. This 
approach is used to solve problems that are too complex to be solved in a 
straightforward manner. The notes for the unit should cover the following top- 
ics: 


Definition and explanation of Divide and Conquer 

Examples of problems that can be solved using Divide and Conquer 
Steps involved in solving a problem using Divide and Conquer 
Advantages and disadvantages of using Divide and Conquer 
Applications of Divide and Conquer in various fields such as computer 
science, mathematics, and engineering. 
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Greedy Methods for the notes of the unit Divide and Conquer for 
the course Design and Analysis of Algorithm 


Greedy methods are a simple, efficient, and easy-to-understand algorithmic 
paradigm for solving optimization problems. The basic idea behind greedy meth- 
ods is to make the locally optimal choice at each step and hope that these choices 
lead to a globally optimal solution. In other words, greedy algorithms make the 
best choice at the current moment without considering the future consequences. 
This makes greedy algorithms a good choice for solving problems in which the 
optimal solution can be decomposed into a sequence of simple subproblems, 
each of which can be solved optimally by making a greedy choice. Divide and 
conquer is another algorithmic paradigm that is often used to solve optimization 
problems. The basic idea behind divide and conquer is to break down a large 
problem into smaller subproblems, solve each subproblem optimally, and then 
combine the solutions to obtain the optimal solution to the original problem. 


Unlike greedy methods, divide and conquer algorithms do not make a greedy 
choice at each step. Instead, they split the problem into smaller subproblems 
and solve each subproblem optimally before combining the solutions to obtain 
the optimal solution to the original problem. 


Optimal Reliability Allocation for the notes of the unit Divide and 
Conquer for the course Design and Analysis of Algorithm 


Optimal Reliability Allocation is a technique used to determine the most efficient 
distribution of resources (e.g. time, money, manpower) for a system to achieve 
a desired level of reliability. The method uses mathematical optimization tech- 
niques to find the optimal allocation of resources to different components of 
the system, such that the overall reliability of the system is maximized while 
keeping the cost of the resources within a given budget. This approach is of- 
ten used in engineering and operations research, and is particularly useful for 
large, complex systems with multiple components, where the reliability of each 
component affects the overall reliability of the system. 


Knapsack for the notes of the unit Divide and Conquer for the course 
Design and Analysis of Algorithm 


Knapsack is a combinatorial optimization problem where you are given a set of 
items, each with a weight and a value, and you have to determine the number of 
each item to include in a collection so that the total weight is less than or equal 
to a given limit and the total value is as large as possible. The problem can be 
solved using a divide and conquer approach, where the items are divided into 
smaller subsets and the optimal solution is found by combining the solutions 
for the subsets. This method can lead to an exponential number of possibilities, 
but can be optimized using dynamic programming or greedy algorithms. 


Minimum Spanning Trees for the notes of the unit Divide and Con- 
quer for the course Design and Analysis of Algorithm 


Minimum Spanning Trees (MST) is a concept in graph theory where the goal 
is to find a tree that spans all vertices in a graph with the minimum total 
edge weight. The tree must be a subgraph of the original graph, meaning it 
contains all the vertices, but not necessarily all the edges. Kruskal’s and Prim’s 
algorithms are common algorithms used to find MST. MSTs have applications 
in network design, clustering, and approximation algorithms. 


Prim’s and Kruskal’s Algorithms for the notes of the unit Divide and 
Conquer for the course Design and Analysis of Algorithm 
Prim’s Algorithm: 


e A greedy algorithm for finding minimum spanning tree in a graph. 


e Starts with any vertex, adds edges with minimum weight to a growing 
tree until all vertices are in the tree. 


Kruskal’s Algorithm: 


e Another greedy algorithm for finding minimum spanning tree in a graph. 
e Sorts all edges in increasing order of weight, adds edges to the tree if they 
don’t form a cycle. 


Both algorithms find a subset of edges that connect all vertices with minimum 
total weight, but Prim’s starts with a vertex and builds the tree, while Kruskal 
starts with edges and builds the tree by adding edges. 


Single Source Shortest Paths for the notes of the unit Divide and 
Conquer for the course Design and Analysis of Algorithm 


Single Source Shortest Path (SSSP) problem is the task of finding the shortest 
path from a source vertex to all other vertices in a weighted graph. Divide and 
conquer algorithms can be used to solve this problem by breaking down the 
graph into smaller subproblems, solving each subproblem and combining the 
solutions to get the final answer. One such algorithm is Dijkstra’s algorithm 
which uses a priority queue to maintain the vertices that have been processed 
and not yet processed. The algorithm starts from the source vertex and updates 
the distance of all its neighbors and adds them to the priority queue. This 
process is repeated until all vertices have been processed. The final answer is 
the shortest distance from the source vertex to all other vertices. 


Dijkstra’s and Bellman Ford Algorithms for the notes of the unit 
Divide and Conquer for the course Design and Analysis of Algorithm 


Dijkstra’s Algorithm: 


e A graph algorithm that finds the shortest path between a source node and 
all other nodes in a weighted graph. 

e Uses a priority queue to determine the node with the smallest distance 
from the source node. 

e Time complexity: O(E + V log V), where E is the number of edges and 
V is the number of nodes. 


Bellman-Ford Algorithm: 


e A graph algorithm that finds the shortest path between a source node and 
all other nodes in a weighted graph. 

e Handles negative weight edges, unlike Dijkstra’s. 

e Time complexity: O(VE), where E is the number of edges and V is the 
number of nodes. 
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Unit - 4- Dynamic Programming for the notes of the course 
Design and Analysis of Algorithm 


Dynamic Programming is a technique for solving problems by breaking them 
into smaller subproblems and solving each subproblem only once to build up a 
table of solutions. The table is then used to find the solution to the original 
problem. It is mainly used for optimization problems where the solution is com- 
posed of several subproblems. DP is applicable when a problem has overlapping 
subproblems and optimal substructure property. 


Applications: Longest Common Subsequence, Shortest Path, Matrix Chain Mul- 
tiplication, Bellman-Ford Algorithm, Knapsack Problem, etc. 


Methods: 


1. Memoization 
2. Tabulation 


Benefits: 


1. Optimal solutions 
2. Better time complexity 
3. Reusable solutions 


Drawbacks: 


1. High space complexity 
2. Tricky to implement 


Key Points: 


1. Identify overlapping subproblems 
2. Use memoization or tabulation to store solutions 
3. Use the stored solutions to solve the original probl 


Knapsack for the notes of the unit Dynamic Programming for the 
course Design and Analysis of Algorithm 


The Knapsack problem is a classic optimization problem in computer science 
and mathematics. It involves selecting items of maximum value to fit into a 
knapsack of limited capacity. The goal is to maximize the value of the items in 
the knapsack while not exceeding its capacity. 


This problem can be solved using dynamic programming by creating a table to 
store the maximum value that can be obtained for each capacity of the knapsack, 
and updating the table as new items are considered. The final solution is the 
maximum value in the last row of the table. 


The knapsack problem has two variations: the 0/1 knapsack problem, where 
each item must either be included or excluded, and the fractional knapsack 
problem, where items can be partially included. 
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All Pair Shortest Paths for the notes of the unit Dynamic Program- 
ming for the course Design and Analysis of Algorithm 


All Pairs Shortest Paths (APSP) is an algorithm that finds the shortest distance 
between all pairs of nodes in a graph. It uses dynamic programming to solve 
the problem by breaking it down into smaller subproblems. The algorithm 
starts by initializing a matrix with the distances between each pair of nodes. It 
then updates the matrix by considering each node as an intermediate node and 
checking if the distance through that node is shorter than the current distance. 
The process is repeated until the matrix converges to the final solution. The 
time complexity of APSP is O(n~3), where n is the number of nodes in the 
graph. 


Warshal’s and Floyd’s Algorithms for the notes of the unit Dynamic 
Programming for the course Design and Analysis of Algorithm 


Warshall’s and Floyd’s algorithms are both algorithms for finding the transitive 
closure and all pairs shortest path in a graph, respectively. 


Warshall’s Algorithm: Given a graph represented by a matrix, it finds the tran- 
sitive closure of the graph. It computes the reachability matrix which tells us 
whether there is a path from vertex i to vertex j. 


Floyd’s Algorithm: Given a graph represented by a matrix, it finds the short- 
est distance between all pairs of vertices. It updates the distance matrix in a 
dynamic programming manner, using the previously computed distances. 


Both algorithms have a time complexity of O(n~3), where n is the number of 
vertices in the graph. 


Resource Allocation Problem for the notes of the unit Dynamic Pro- 
gramming for the course Design and Analysis of Algorithm 


Resource Allocation Problem is a class of optimization problems in which re- 
sources (e.g. time, money, manpower) are to be assigned to tasks in such a way 
as to maximize some objective function. In DP, it is solved by defining a state 
that describes the current allocation of resources and using recurrence relation 
to find the optimal allocation. The optimal solution is then constructed from 
the optimal allocation of resources. 


User: Can you explain the concept of Dynamic Programming? ChatGPT: Dy- 
namic Programming (DP) is a method of solving problems by breaking them 
down into smaller sub-problems and solving each sub-problem only once to build 
up a solution to the original problem. The solution to each sub-problem is stored 
in a table and re-used as needed, avoiding redundant computation. DP can be 
applied to a wide range of problems, including optimization, decision making, 
and problems with overlapping sub-problems. It is particularly useful for solv- 
ing problems with an optimal substructure, where the optimal solution to a 
problem can be constructed from optimal solutions to smaller sub-problems. 
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Backtracking for the notes of the unit Dynamic Programming for the 
course Design and Analysis of Algorithm 


Backtracking is a general algorithmic technique for finding all (or some) solutions 
to a computational problem incrementally, by trying out partial candidates that 
are extended, one by one, until a complete candidate is found or all possibilities 
have been exhausted. It is used in solving problems such as finding all possible 
paths in a graph, finding all permutations of a string, etc. Backtracking works by 
incrementally building a solution, and if a solution can’t be found, backtracking 
to the previous step and trying a different approach. The time complexity of 
backtracking is O(b~m), where b is the branching factor and m is the maximum 
depth of the search tree. 


Branch and Bound for the notes of the unit Dynamic Programming 
for the course Design and Analysis of Algorithm 


Branch and Bound is a technique used to solve optimization problems. It in- 
volves creating a tree of possible solutions and exploring the branches of the 
tree to find the optimal solution. The branches are pruned (or “bound”) when 
it is determined that they cannot lead to a better solution than the current best. 
This process continues until the optimal solution is found or all branches have 
been explored. Dynamic Programming is a technique used to solve problems 
by breaking them down into smaller subproblems and solving each subproblem 
only once. The solutions to the subproblems are then combined to find the 
solution to the original problem. The key idea is to store the solutions to sub- 
problems so that they can be reused, rather than recomputing them each time 
they are needed. Branch and Bound can be used in conjunction with Dynamic 
Programming to solve optimization problems more efficiently. By using Branch 
and Bound to prune the search tree, the number of subproblems that need to 
be solved is reduced, which can lead to significant speed improvements. 


Travelling Salesman Problem for the notes of the unit Dynamic Pro- 
gramming for the course Design and Analysis of Algorithm 


The Traveling Salesman Problem is a classic optimization problem in computer 
science where the goal is to find the shortest route that visits a set of cities 
and returns to the starting city. It is a NP-hard problem, meaning that find- 
ing an exact solution is computationally infeasible for large inputs. Dynamic 
programming can be used to find approximate solutions to the problem. The 
algorithm starts by breaking the problem down into smaller subproblems, and 
then using the solutions to these subproblems to find a solution to the original 
problem. The algorithm uses a bottom-up approach, where the subproblems 
are solved and the solutions are stored in a table. The final solution is obtained 
by combining the solutions to the subproblems in an optimal way. 
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Graph Coloring for the notes of the unit Dynamic Programming for 
the course Design and Analysis of Algorithm 


Graph coloring is a method of assigning colors to vertices in a graph such that 
no two adjacent vertices have the same color. It is used to solve problems such 
as scheduling and resource allocation. The goal is to minimize the number of 
colors used. Graph coloring is a classic example of a NP-hard problem, meaning 
it is difficult to find an optimal solution in a reasonable amount of time for large 
graphs. However, there are heuristics and approximation algorithms that can 
be used to find a near-optimal solution in a reasonable amount of time. 


n-Queen Problem for the notes of the unit Dynamic Programming 
for the course Design and Analysis of Algorithm 


The n-Queen problem is a classic problem of computer science and mathematics. 
It asks the question of how to place n chess queens on an nxn chessboard in 
such a way that no two queens threaten each other. This problem can be solved 
using dynamic programming by breaking it down into subproblems and using 
the solutions to those subproblems to solve the original problem. The solution 
involves finding all possible combinations of queen placements and checking if 
they are valid, and if so, storing the solution in a table for future reference. The 
solution is found by starting with a single queen and adding one queen at a 
time, checking each possible placement for validity, and if it is valid, moving on 
to the next queen. The solution is found by backtracking when a placement is 
invalid, and trying a different placement for the current queen. The solution 
is found when all n queens have been placed on the board without threatening 
each other. 


Hamiltonian Cycles for the notes of the unit Dynamic Programming 
for the course Design and Analysis of Algorithm 


Hamiltonian cycle is a path in an undirected or directed graph that visits each 
vertex exactly once and returns to the starting vertex. It is named after William 
Rowan Hamilton, who invented the concept in 1857 while studying graphs. In 
computer science, it is used in optimization problems, such as the traveling 
salesman problem. The goal is to find the shortest Hamiltonian cycle in a 
graph. Dynamic programming can be used to solve the problem by breaking it 
down into smaller subproblems and using the solutions to these subproblems to 
build up the solution to the original problem. 


Sum of Subsets for the notes of the unit Dynamic Programming for 
the course Design and Analysis of Algorithm 


Sum of Subsets is a problem in the field of dynamic programming where the 
goal is to find all possible subsets of a given set of numbers that add up to a 
target sum. The problem can be solved using a recursive approach, where each 
number in the set is either included or excluded in the subsets. The subsets 
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are then compared to the target sum to see if they are equal. If they are equal, 
the subset is added to the list of all possible subsets that add up to the target 
sum. The process is repeated for all subsets until all possible subsets have been 
found. The time complexity of the solution is O(2~n), where n is the number 
of elements in the set. 


Unit - 5 - Selected Topics for the notes of the course Design 
and Analysis of Algorithm 


Design and Analysis of Algorithms (DAA) is a course that studies the design, 
analysis and implementation of algorithms. Unit 5, “Selected Topics”, covers 
various advanced topics in DAA such as: 


1. Approximation Algorithms 
2. Randomized Algorithms 

3. Parallel Algorithms 

4. Online Algorithms 

5. Advanced Data Structures 


These topics provide an in-depth understanding of the various techniques and 
methods used to design efficient algorithms for solving complex problems. The 
unit also covers the trade-off between time and space complexity, and the design 
of algorithms that can handle large datasets. 


Algebraic Computation for the notes of the unit Selected Topics for 
the course Design and Analysis of Algorithm 


Algebraic Computation is a field of mathematics that deals with mathematical 
symbols and the rules for manipulating these symbols to solve equations and 
study relationships between variables. It involves the use of variables, expres- 
sions, and equations to represent and solve problems. It is a fundamental tool 
in computer science, particularly in the field of algorithms, where it is used to 
analyze the efficiency and complexity of algorithms. Algebraic Computation is 
a crucial tool for understanding the behavior of algorithms and for designing 
efficient algorithms for solving complex problems. 


Fast Fourier Transform for the notes of the unit Selected Topics for 
the course Design and Analysis of Algorithm 


Fast Fourier Transform (FFT) is an efficient algorithm for computing the dis- 
crete Fourier transform (DFT) of a sequence, or its inverse. The FFT reduces 
the number of computations needed to evaluate the DFT from O(n~2) to O(n 
log n). This makes it much faster for large inputs. The FFT is widely used 
in signal processing, image processing, and other applications where the DFT 
is needed. The basic idea behind the FFT is to break up a long sequence into 
smaller pieces, perform the DFT on each piece, and then recombine the results 
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to get the final answer. The FFT can be implemented in a variety of ways, 
including radix-2, radix-4, and Bluestein’s algorithm. 


String Matching for the notes of the unit Selected Topics for the 
course Design and Analysis of Algorithm 


String matching is the process of finding a specific pattern of characters (the “tar- 
get” string) within another string (the “text”). There are several algorithms for 
string matching, including the naive algorithm, the Rabin-Karp algorithm, the 
Knuth-Morris-Pratt (KMP) algorithm, and the Boyer-Moore algorithm. Each 
of these algorithms has its own strengths and weaknesses, and the choice of 
which to use depends on the specific requirements of the task at hand. 


In general, string matching algorithms can be classified into two categories: 
exact matching and approximate matching. Exact matching algorithms return 
a match only if the target string is an exact match to a substring of the text. 
Approximate matching algorithms, on the other hand, allow for some degree of 
“fuzziness” in the match, such as allowing for a certain number of mismatches 
or insertions/deletions. 


The performance of string matching algorithms is typically measured in terms of 
their time complexity, which is the amount of time it takes for the algorithm to 
complete as a function of the length of the text and the target string. The time 
complexity of string matching algorithms can be influenced by factors such as 
the size of the alphabet used to represent the characters in the text and target 
string, and the distribution of characters within the text. 


Theory of NP Completeness for the notes of the unit Selected Topics 
for the course Design and Analysis of Algorithm 


NP-Completeness is a concept in computer science that refers to the difficulty 
of solving optimization problems. It states that if a problem can be solved in 
polynomial time, then it is considered as a “tractable” problem. However, if a 
problem cannot be solved in polynomial time, it is considered as an “intractable” 
problem. A problem is considered NP-complete if it is both NP and NP-hard, 
meaning it is at least as hard as the hardest problems in NP. This means that 
if a solution to an NP-complete problem is found, it would likely solve many 
other problems in NP as well, making it a significant discovery. 


Approximation Algorithms for the notes of the unit Selected Topics 
for the course Design and Analysis of Algorithm 


An approximation algorithm is a method for finding an approximate solution to 
an optimization problem, within a specified tolerance, in a reasonable amount 
of time. It is used when an exact solution is too difficult or time-consuming to 
compute. Approximation algorithms are often used in areas such as scheduling, 
routing, and network design. They are designed to find a solution that is close 
to optimal, but not necessarily optimal, in polynomial time. The quality of 
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the solution is measured by the approximation ratio, which is the ratio of the 
solution found by the algorithm to the optimal solution. 


Randomized Algorithms for the notes of the unit Selected Topics for 
the course Design and Analysis of Algorithm 


Randomized algorithms are algorithms that use randomness as a tool to solve 
computational problems. They are designed to produce a solution that is likely 
to be correct, but not necessarily the optimal solution. These algorithms are 
useful in various fields such as cryptography, optimization, and machine learn- 
ing. Key concepts in randomized algorithms include random number generation, 
probabilistic analysis, and Monte Carlo methods. Advantages of randomized 
algorithms include faster running times and better solutions in some cases com- 
pared to deterministic algorithms. However, they also have limitations, such as 
the need for a good random number generator and the potential for incorrect 
solutions. 
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